ABSTRACT
INTRODUCTION
Wound healing is a dynamic process involving many factors and cell types including soluble mediators, blood cells, fibroblasts, endothelial cells and extracel lular matrix. It has been divided into several sequential phases that overlap in space and time: homeostasis, inflammation, granulation tissue formation, and tissue remodeling. 1 Acute and chronic wounds affect millions of people around the world. In recent decades, clini cians have gained a better understanding of the mechanisms of normal wound repair process and causes of delays in healing. 2 However, some cutaneous wounds involves complex inflammatory processes, which can lead to a more aggressive state and take longer time resulting in chronic state of inflammation. 3 Diabetic wounds are complex wounds appear as cuta neous complications arise from uncontrolled diabetes mellitus caused by hyperglycemia, oxidative stress and /or microbial infections. 45 Practices and compounds that arise from traditional medicine have been used to create the optimal condi tions for the skin regeneration process and to prevent the failure of the healing process, according to the origin, these therapies are classified into herbal and animalderived compounds. Some plants with proven wound healing action such as Aloe vera, Calendula officinalis, Portulaca oleracea and Citrus sinensis. 6 Pomelo (Citrus maxima) is considered the largest citrus fruit belongs to the genus Citrus (familyRuta ceae). The fruit originated from South East Asia, commonly named shaddock in the western world. 7 Previous studies have shown that pomelo fruits are a rich source of vitamin C, flavonoids, and carotenoids, particularly in the peels. 8 The major flavonoids of citrus maxima are hesperidin and naringin, and another class of Omethylated aglycones of flavones such as nobiletin and tangeretin in which strongly associated with therapeutic properties including antioxidant, antiatherogenic, antiinflammatory, antimicrobial, anticancer effects. 912 Moreover, these flavonoids have been found to enhance insulin sensitivity and reduce plasma glucose levels in diabetic animal models. 13 Vitamin C is necessary for the synthesis of collagen (one of the major components of connective tissue), carnitine, and enhancing the immunity of the body as well, vitamin C plays an important role in the wound healing process, facilitating the hydroxylation of proline and lysine for pro collagen formation, 14 moreover the antioxidant effect of vitamin C makes it of interest in diabetes. 15 So vitamin C deficiency will markedly delay the wound healing by impairing the collagen formation and will also impair the previously healed wound. 16 A recent study of citrus peel also exhibit a remarkable spectrum of biological activities, particularly inhibiting tumor genesis, due to the fact that peel contains high content of flavonoids. 17 Moreover, analysis on Citrus maxima peel powder showed high amounts of various phenolic compounds which include phenolic acid (caffeic acid and epicatechin) and flavonoids have antioxidant prop erties may prevent oxidative stress, fibrosis, and hepatic damage. 18 Moreover the fruit juice and peel of Citrus maxima possess both hypo glycemic and hypolipidemic properties. 1819 It has also been reported the most used parts of pomelo in traditional medicine are: leaves (epilepsy, convulsion), flowers as sedative, fruits for (Asthma and Cough), rind can be used in vomiting and diarrhea, while root and bark show good antimicrobial activity. 2021 Pomelo peel action had not been studied properly, therefore, the purpose of this study was to investigate to the possible healing effect of oral treatment with pomelo peel extract (PPE) on induced excision skin wound in diabetic rats.
MATERIALS AND METHODS

Chemicals and reagents
Streptozotocin (STZ) was purchased from Fluka (Germany), [5,5dithio bis(2nitrobenzoic acid)]; 2,4Dinitrophenyl hydrazine, thiourea, Bovin Serum Albumin (BSA), LHydroxyproline, Chloramine T, 4(dimethlamino) Benz aldehyde were purchased from Sigma (Germany). All other chemicals and reagents used in this study were of analytical grade.
Collection of samples
The fruits of pomelo, Citrus maxima were collected from the local market of Amman Jordan during the period of January-April 2016. After washing 23 times with running tap water the skin of the fruit was scored into quarters with sharp knife and then peeled off by fingers. The removed peels of pomelo were shade dried for about one month. All the peel samples were grinded into powder (<90 μm) and the powders of the samples were kept in airtight bottles after sieving.
Preparation of Plant Extract
According to the method reported by (Abeysinghe et al. 2007 ) with slight modifications, an aqueous ethanolic extract prepared by soaking 10g of the dry powdered Citrus maxima peel in 100 ml of 80% ethanol . The mixture was poured into test tubes, covered with the aluminium foils, placed into water bath for extraction at 65°C for 3h and the whole solu tion was filtered, and the filtrate was transferred into a crucible where the filtrate was allowed to evaporate into dryness in an oven at 60 ͦ C. The process was repeated several times and the yield was noted. The extract was refrigerated at 4 C ͦ for future use in experimental studies. Also the required extract frequently prepared every 48 h and used fresh for each experiment. 22 Obtained extract is a powder with light yellowish -white colour and specific pomelo odor. Preliminary phytochemical analysis revealed the presence of alkaloids, flavonoids, ascorbic acid, carotenoid, volatile oils and saponins . 23 
Experimental animals
Forty male Wister albino rats weighing between 180250 g were used in this study. Rats were obtained from animal house, Faculty of Pharmacy, AlIsra University, Amman, Jordan. The protocol of the study was approved by Ethical Committee of the Faculty of Pharmacy, AlIsra University. Rats were housed under standard laboratory conditions at room temperature of 23±2°C, humidity (55%) and were exposed to 12h light/dark cycle. Animals had free access to pellet food and water ad libitum and kept one week for acclimatization before the initiation of the experiment. Animals were divided randomly into five groups each consist of 8 rats assigned as normal control (group1), diabetic control (group2), diabetic rats treated orally with 400mg/kg PPE (group3), diabetic rats treated orally with 600mg/kg PPE (group4) and diabetic rats treated orally with 300 mg/kg Portulaca oleracae extract (POE) as standard plant for wound healing. POE as standard plant for wound healing. 24 
Induction of diabetes mellitus
Diabetes mellitus was induced in all the animal groups except normal control group 1, by a single intraperitoneal shot of STZ (65 mg/kg) dissolved in citrate buffer (pH 4.5). Fasting blood glucose (FBG) level measured just prior to STZ injection using an automated glucometer (Accuecheck, Germany). Blood samples collected using capillary tube from the eye of the animal to the glucometer strip (oxidase strips) animals with glucose level greater than 200 mg/dl was used for the study after 3 days of diabetes mellitus induction. Blood glucose level estimation was repeated at the end of each week of during study.
Wound creation
A full thickness excision wound was made on the dorsal rat skin after hair shaving by electrical clipper and shaved area was sterilized with 70% alcohol. Excision wounds were made by removing a 4 cm² piece of skin using toothed forceps and pointed scissors the day at which the wound is made will be considered day 0. PPE (400 mg/kg or 600 mg/kg) and POE (300 mg/kg) both plants powdered extracts dissolved in distilled water administered using a gastric tube for each rat according to animal's weight within both treatment groups for 21 days. Rats in the control groups (Group 1 and 2) received 2ml/kg of normal saline. Progressive changes in wound size were reported and photographed using digital camera at days (0, 7 and 21) during study respectively. The wound size measured using Vernier calliper every 7 days and the percentage of wound size reduction during the study was calculated using the following formula:
Wound reduction percentage = (W 0 W t / W 0 ) * 100% Where W 0 is wound diameter on day zero, W t is wound diameter on day t. The percentage of wound closure on days 7, 14 and 21 recorded and used as indicator of wound healing changes during the study. Calculation of the time taken for 50% of wound closure (WC 50 ) was calculated by plot of percentage of wound closure against time during study periods.
Biochemical analysis
At the end of the study, day 21, animals from each group sacrificed and the entire wound cut out and stored at 70°C for further analysis of total protein and hydroxyproline deposited as wound healing parameters.
Estimation of total protein content of healed wound
Skin tissue lysate was prepared by homogenization in modified Radio Immuno Precipitated Assay (RIPA) buffer. Estimation of total protein content of granulation tissue taken from healed excised wound was done by using commercially made animal kit. Procedure used based on Peterson's modification of the micro Lowry method (Peterson G.I. 1977 ), the procedure is based on two chemical reactions. The first is the biuret reaction, in which the alkaline cupric tartrate reagent complexes with the peptide bonds of the protein. This is followed by the reduction of the Folin and Ciocalteu's phenol reagent, which yields a purple color.
RESULTS
The effect of pomelo peel extract treatment onthe percentage wound size reduction.
Results in Table 1 demonstrate the statistical difference among different study groups during the wound healing periods showed that wound size contraction percentage of both PPE 400mg\kg and 600 mg/kg, respec tively was significantly different during study days as compared with both control groups and POE as approved standard plant for wound healing treatment group (P<0.05). On the other hand, the percentage of the wound contraction was higher on the 21 th day as compared with normal control groups, but the difference was not significant. In addition, Figure 1 . showed photographic representation for excision wound made showed contraction progress during different study periods among study groups. As shown in Table 1 the time took for wound to reach WC 50 during both PPE 400 mg/kg and 600 mg/kg treatment groups showed shorter time of (11.7) and (9.2) days respectively, Compared to diabetic control group (15.3) days comparable to that took for wound healing during standard plant treatment period. Table 2 showed the effect of different doses of PPE and standard plant POE treatment on hydroxyproline and total protein levels in excised wound models. Results of collected excised granulation tissue from healed wound at the end of the study (day 21), the hydroxyproline content in the granulation tissue collected from rats treated with both Absorbance of the colored solution is read at a suitable wavelength at 600 nm. The protein concentration is determined from a calibration curve prepared from different dilutions of Stock aqueous BSA solutions. 25 
The effect of pomelo peel extract and standard plant treatment on total protein and hydroxyproline in excised wound model
Estimation of Hydroxyproline content
According to (PengTung and Cheng H.) 26 a 50 mg of dried granulation tissue will be hydrolysed in 4 M HCl in a test tube for 22 h at 110°C then the content of the test tube will be transferred into 25 ml volumetric flask diluted with distilled water, then 1 ml of this solution is transferred into 50 ml tube to which 1propanol and the oxidant solution will be added to the tube, then the content of the tube will be mixed for 4 min. After that Ehrlich reagent will be added to the mixture and the tube cap will be screwed tightly and the solution will be mixed again under fume hood. After that the tube will be heated in a water bath at 60 ͦ C for 25 min and then we will cool the tube using tab water for 23 min and read the absorbance at 558 nm within 23h. Hydroxyproline concentrations will be calculated from the linear standard curve. 26 
Statistical analysis
All the results were expressed as mean ± SEM.Students "t" test was used for determining the significance between mean of treatment with different doses of PPE and standard plant POE for wound healing compared with both control groups. Oneway analysis of variance (ANOVA) and Tukey test was used for the statistical analysis of means difference among study periods within each group. A probability value of p< 0.05 was considered significant. Data expressed as mean ± SEM, n: number of animals within the group a: Significant difference between treatment with different doses of PPE or POE as compared with normal control group using student ttest (p<0.05) b: Significant difference between treatment with different doses of PPE or standard POE treatment as compared with diabetic control group using student ttest (p<0.05) c: Significant difference between treatment with PPE 400 mg/kg group compared with 600 mg/kg group using student ttest (p<0.05) d: Significant difference between treatment with different doses of PPE as compared with standard plant POE treatment group using student ttest (p<0.05) * Significant difference between means among different study periods within each group using ANOVA and Tukey test (P<0.05). Wc 50 : each value represents the time taken for 50% wound closure. Data expressed as mean ± SEM., n: number of animals within the group. a: Significant difference between treatment with different doses of PPE or POE as compared with normal control group using student ttest (p<0.05) b: Significant difference between treatment with different doses of PPE or standard POE treatment as compared with diabetic control group using student ttest (p<0.05) c: Significant difference between treatment with 400 mg/kg treatment group compared with that of (PPE 600 mg/kg) group using student ttest (p<0.05) d: Significant difference between treatment with different doses of PPE as compared with standard plant POE treatment group using student ttest (p<0.05). Data expressed as mean ± SEM., n: number of animals within the group a: Significant difference between treatment with different doses of PPE or POE as compared with normal control group using student ttest(p<0.05) b: Significant difference between treatment with different doses of PPE or standard POE treatment as compared with diabetic control group using student ttest (p<0.05) c: Significant difference between treatment with PPE 400mg/kg group compared with 600 mg/kg group using student ttest (p<0.05) d: Significant difference between treatment with different doses of PPE as compared with standard plant POE treatment group using student ttest (p<0.05) * Significant difference between means among different study periods within each group using ANOVA and Tukey test (P<0.05) doses of the extract 400 mg\kg and 600 mg/kg PPE groups was signifi cantly different from that observed in both normal and diabetic control groups, (P<0.05). As compared to the hydroxyproline content in the granulation tissue collected from rats treated with POE standard plant showed comparable results.
Pharmacognosy
The effect of pomelo peel extract treatment on the fasting blood glucose level As shown in Table 3 , for the effects of different doses of pomelo peel extract and POE as standard plant showed different effect on fasting blood glucose level of normal and hyperglycemic rats before and during the period of the wound healing, Rats included within both PPE (400mg\kg and 600mg/kg ) groups fasting blood glucose was significantly different as compared to both normal and diabetic groups (P<0.05), then decrease during treatment with PPE along study period which was lower than the blood glucose level of the diabetic control group with comparable results to those rats treated with POE standard plant group and this reduction started from 7 th day of the study among the three treatment groups (both PPE and POE treated groups reaching significant level and continue reduction till day 21 end of the study (p<0.05).
DISCUSSION
Impaired wound healing is a common complication of diabetes mellitus which is wellknown factor that can affect the process of wound healing in which wound healing is achieved in diabetic subjects by decreasing the blood glucose level and increase hydroxyproline and total protein production, the increase in wound size contraction percentage is con sidered a good sign of a successful wound healing. 2728 Wound healing is a natural process of regenerating dermal and epidermal tissue, previous literatures shown the beneficial role of vitamin C, A and flavonoids to enhance and accelerate healing process. 2930 The role of vitamin c as a powerful antioxidant and it's the presence with flavonoids and carot enoids increased their wound healing efficacy mentioned in many previous studies. 27, 31 Wound repair in diabetic rats is associated with reduced collagen (hydroxyproline) and other protein synthesis in granular tissue. 29 Vitamin A and C deficiencies result in impaired wound healing have been linked to decreased collagen synthesis ,decreased angiogenesis and increased susceptibility to wound infection. 3233 The result of this study showed great beneficial effect of pomelo peel extract in two different doses PPE (400 mg/kg and 600 mg/kg) on rate of healing of externally made excision wound in diabetic rats, the effect of the extract on the percent of wound contraction was significant (p<0.05) ( Table 1) compared to both control groups while showed comparable effect to that obtained by rats treated with POE standard plant for wound healing confirmed by photographic representation of excised wound changes during different study periods (Figure 1) . Moreover, Table 2 showed that high amount of hydroxyproline and total protein extracted from granulation tissue of healed excised wound at the end of the study indicate a better wound contraction due to the increase of collagen formation and increase the amount of protein by pomelo peel extract PPE treated groups which was significantly different from that of both diabetic control and normal control groups, these results were comparable to other previous studies for wound healing. 27 ,3132 (Erdinc K. et al. 2010 , Szyszkowska B et al. 2014 ) in their study pomelo content of flavonoids, carotenoids and vitamin C, enhances the epithelial cells migration, proliferation and stimulate collagen synthesis. 3435 The increase in the hydroxyproline and total protein content are indicators of new tissues generation. In this study, the effect of PPE on the FBG which was reduced, compared to that of diabetic control group showing elevated FBG before enrol ment in the study by intraperitoneal STZ injection induces glucose over production through excessive hepatic glycogenolysis or gluconeogenesis and decreased utilization of glucose by the tissues are the fundamental basis of hyperglycemia in diabetes mellitus. 36 During PPE treatment there was significant reduction of FBG level progress till the end of the study compared to both control groups (p<0.05) whereas comparable to that obtained by treatment with standard plant (Table 3) . The two major flavonoids of citrus maxima are naringenin and hesperidin are proven to be hypoglycemic agents and their hypoglycemic activity is mediated by their ability to inhibit intestinal αglycosidase activity which is a key enzyme of carbohydrate digestion located on intestinal cells, thereby delaying the absorption of carbohydrates in diabetic animals (Jung UJ et al. 2004 , KnuduSen S et al. 2011 suggested that hesperidin may have the ability to protect pancreatic Beta cell from STZ actions and restore their ability to secret insulin. 37, 38 Published data show wide phytochemical composition and pharmacological action of citrus maxima fruits. Our study proved wound healing effect of pomelo peel. We can assume that the main compounds which are responsible for wound healing action are flavonoids and vitamins. The aim of future work will be phytochemical study of PPE.
CONCLUSION
This study demonstrated that PPE had significant wound healing demonstrated by significant wound size reduction, high content of granulation hydroxyproilne and total protein content taken from healed wound with improvement of blood glucose levels of the treated groups compared to the standard, finally this study proposed that oral adminis tration of PPE has a good therapeutic potential in the treatment of com plicated wounds in diabetes.
GRAPHICAL ABSTRACT SUMMARY
• In this work the review has been made on the articles of various studies on the plant Citrus maxima.
• Extraction and preparation of Pomelo (Citrus maxima) peels extract • Evaluation of the effect of different doses of pomelo (Citrus maxima) peel extract on experimentally made skin excision wound healing in diabetic compared to untreated control groups using diabetes induced animal models during 3 weeks study and estimation of granulation protein from healed wound area at the end of study.
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